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Abstract 
How to deal with the uncertainty in calculating building fire evacuation time is the key issue of building fire design and 
evaluation, and is the foundation of result credibility of evacuation safety design and evaluation. Based on the study of 
uncertainty in calculating evacuation time, this paper put forward a safety factor determination method on the basis of             
fuzzy comprehensive evaluation, this method can solve the uncertainty problem effectively. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Uncertainty of safety egress time is an inherent problem during performance-based fire design. It is very useful 
and helpful to provide a proper method of egress time calculation for improving the accuracy of fire design and 
helping the relevant department of government to accept fire design as well as.  
During performance-based fire design, to calculate the required safety egress time, it involves the judgment of 
each value of safety factor but also the judgment of uncertainty. Determine the required safety egress time should 
consider the relevant factor: occupant density, occupant walking speed, flow coefficient of exit, pre-movement time 
and egress width etc. The detailed value of these factors has uncertainty and the real value varies a range of 
numerical values. Those uncertainty factors will directly influence the accuracy of egress time calculation.    
So, during fire design and assessment in building, there is a key technical study on how to address the uncertainty 
of safety egress time calculation. Again, a reasonable value will be easily accepted and acknowledged by fire 
engineers/experts for designing and assessing the results of means of evacuation[1,2].  So, the clarification of the 
uncertainty of the relevant safety factor plays an very important role on studying on safety evacuation[1]. To 
understand and rationalize the evacuation design and assessment results, it is necessary to set up a determining 
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method which is different from that of the simple safety coefficients. This determining method should consider these 
advantages as the following: the uncertainty of safety factor, the analysis of effect of operation parameter on the 
safety level of design and ensuring the acceptance of the results of evacuation design and assessment[1,3]. 
2. Sensitivity study on safety factor of evacuation in building fire 
A great quantity of domestic and foreign studies on each parametric sensitivity of safety evacuation time. A brief 
introduction and analysis are described below. 
Refer to item coefficient of structure, Magnussan calculated the proportion of each uncertainty factor contribution 
to universal uncertainty factors for quantizing the importance of every random variable[1,4].  For studying on the 
uncertainty outputs and the sensitivity of the inputs,  James Lord and the others used the uncertainty analysis method 
which was developed by Kathy AˊNotaranni and design evacuation scenarios which are based on evacuation 
model STEPS, EXIT89.  Preliminary results show that some factors will significantly influence the safety egress 
time such as : the number of occupants, pre-movement time and queuing time etc. To the uncertainty of the required 
safety egress time, Mr. Wangfuliang developed a partial sensitivity method with a single factor based on the egress 
time predicting tool, BuildingEXODUS model. The method analyzed the level of egress time sensitivity which was 
influenced by different random variables via MomeCarlo simulation. Also the method resulted in numerically 
arrange the level of safety egress time effects under each random variables[1,6]. 
Literatures [1]was studying the parametric sensitivity under ASET, RSET and the relevant time factor. Generally 
to say, RSET includes detect time, pre-movement time and travel time. So, the judgment of RSET should be 
addressed by these time factors[1]. The main uncertainty factors which impact the value of RSET are: coefficient of 
heat convection, fire growth rate, response time index, active temperature of detector, the distance between the 
detector and the centerline of fire, pre-movement time, occupant factor, coefficient of exit, occupant walking speed 
and the maximum travel distance[1]. The results of literature [1] showed that: these uncertainty factors resulted in 
the interactive order of RSET is: 
pre sR q t f T D lv RTIα > > > > > > > ≈ .
Thus, Literatures [1] suggested that it could regard the factors of D, lv and RTI as the constant value (consider its 
reference quantities). The detailed meanings of the above variables are presented in Table1 as below. 
Table 1. Reference Value and Range of REST based on Sensitivity 
Name of Factor Reference Value Range of Values 
coefficient of heat convection 0.7 [0.6,0.8] 
Fire growth rate ,kW/s2 α 0.047 [0.0117,0.1876] 
Response time index (RTI,(m/s)1/2) 70 [50,90] 
Active Temperature of detector,ć 68 [50,80] 
Ambient Temperature(Ta, )ć 20 -- 
Horizontal distance from the detector to the 
centerline of fire, (m) 
4 [0,7] 
Vertical distance form the detector to the fuel, (m) 5 --
Pre-movement time (tpre,s) 70 [20,100] 
Occupant factor, (q,Ҏ/m2) 0.8 [0.1,1.2] 
Coefficient of exit (f,Ҏ/m/s) 1.3 [1,2] 
Max travel distance (D,m) 30 [15,50] 
Based on the above description, the paper will adopt the results of literature [1], it means that six domain factors 
will be regarded as the main influencing factors for REST in order to further clarify the study of safety factors. 
3. Determination method of safety factor based on Fuzzy Comprehensive Estimation 
As well known, safety factor widely used in the actual engineering practice because its convenience and simple 
application. So it becomes the most common method to judge the uncertainty of fire design and assessment in 
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building. But it could quite easily transform into a conservative value as the determination of safety factor mainly 
depended on the expert’s experience[1,6]. 
However, the current safety factor value of egress time is generally taken 1.2, 1.5 or 2. Currently the 
determination of safety factor generally depended on the experience of fire engineers/experts since no established 
document addressed the detailed value. Therefore, it is necessary to develop a reference standard of safety factor 
determination under different scenarios via quantitative analysis.  
The basic concept of Fuzzy comprehensive estimation can be addressed as the followings: it is based on 
determining the standard for evaluation and weight of the evaluation factors, the application of Fuzzy sets and Fuzzy 
comprehensive assessment could carry out the description of  the fuzzy boundary of factors towards the degree of 
membership functions, building the matrix of Fuzzy evaluation, and resulting in the level of evaluated object 
through Fuzzy comprehensive operation.   
In other words, the Fuzzy comprehensive evaluation model of REST is the application of Fuzzy mathematics. 
With the mathematics, combine the relevant items of RSET(the set V) and RSET (the set U) into one comprehensive 
evaluation model (the set R). Again, the determination of RSET could be judged after integrating with the degree of 
membership functions (w) of RSET. 
3.1. Determination of the Evaluation Factor SetV 
Several influence factors could be consider during the evaluation process of RSET. According to the research of 
literature[1], the researchers said that there are six factors could significantly influence RSET, which in turn: fire 
growth rate (a), horizontal distance from the detector to the centerline of fire (R), occupant density (q), pre-
movement time (t), coefficient of exit (f), and active temperature of detector (T). 
According to the six significant factors, RSET can be divided into six evaluation factor sets as below: 
V=V1, V2, ….., V6, which Vi presents each item of evaluation factor. 
3.2. Determination of the Assessment Factor SetU 
The situation of each evaluation factor could be classified as five assessment levels as the following: 
U=U1,U2, …., U5. That is, each item of the six significant factors which we selected should be classified as five 
assessment levels are addressed as the following: 
Items of six significant factor                             U1           U2           U3         U4             U5 
fire growth rate                                                  Highest    Higher    High      Lower       Lowest 
Active temperature of detector                          Highest    Higher    High      Lower       Lowest 
Horizontal distance from the detector               Largest     Larger    Large    Smaller      Smallest 
to the centerline of fire 
Occupant density                                               Largest     Larger     Large    Smaller     Smallest 
Coefficient of exit                                              Largest     Larger     Large    Smaller     Smallest 
Pre-movement time                                            Fastest      Faster      Fast       Slower      Slowest 
3.3. Determination of Weighted SetA 
   The weighted set of six significant factors could be addressed as the followings:  A= A1, A2,…., A6 
   The weighted set clarify the important level of each significant factor, which the influencing degree of RSET. 
   Research of literature [1] also showed that the influence degree of six significant factors decreased accordingly 
as below: fire growth rate (a), horizontal distance from the detector to the centerline of fire (R), occupant density(q), 
pre-movement time (t), coefficient of exit (f), and active temperature of the detector. According to the results, we 
found that the weighted level of the six significant factor also obey the degression law. To the real practice working, 
to more scientifically determine the weighted value, we suggest that the weighted parameters could be given by 
experts for ensuring nicety of judgment. Table 2 is shown the results of this method. 
Table 2. Weighted table 
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    V1    V2     V3    V4    V5    V6 
Expert1 0.3 0.2 0.2 0.1 0.1 0.1 
Expert2 0.2 0.3 0.2 0.1 0.1 0.1 
Expert3 0.4 0.2 0.1 0.1 0.1 0.1 
Expert4 0.1 0.3 0.1 0.2 0.1 0.1 
Average weight 0.25 0.25 0.15 0.125 0.1 0.1 
As the above Table2 illustrated, after marked weighted score by experts, the results of weight can be calculated 
by the average score, which the weight of each significant influence factor. 
3.4. Building the Matrix R of Fuzzy Transformation Relation 
Assume, after judgment,  the judgment matrix of the number i is shown as below: 
The matrix of transformation relation, R, is defined as an ite  of fuzzy transformation relation after judging both 
evaluation factor set V and assessment factor set U. which, 
r
  means the number i of the evaluation factor Vi 
evaluates the weighted value of the number j of the evaluation factor Uj.  Also, the weighted valued could be carried 
out by the method of experts which is the same as the above description in chapter1.3. But  
11 12 1
21 22 2
1 2
( )
m
m
i i
n n nm
r r r
r r r
R r
r r r
×
ª º
« »
« »
= =
« »
« »
¬ ¼


   

j n m
m
ij
1 2 ... 1i i ijr r r+ + + = .
   The weighted distribution of the number i of the significant factor can be illustrated as the following: 
1 2( , , ~ )ki i i iA A A A=
   Thus,  the judgment of the number i of the significant factor is: i i iB A R=  $
3.5. Calculate the Final Evaluation Results of RSET 
All matrixes of significant factors are indicated as below: 
R =˄B1,B2ˈĂˈBm˅7,
But each weighted value of U1, U2 …., and Un are addressed as : A=˄A1, A2, Ă, An˅. Then, we can find the 
results of the final assessment is: B A R=  $ .
In order to show the situation of RSET, the weighted value could be identified by five level based on the value of 
B which are shown as Table3. Comparing the calculated weighted value of RSET with the value of Table3, we can 
find the assessment degree of RSET. 
Table 3. Evaluation Index of REST Assessment Level 
B RSET assessment level Notes 
1>w>0.900 ĉ Need little time 
0.899>w>0.800 Ċ Need short time 
0.799>w>0.600 ċ Need appropriate time 
0.599>w>0.400 Č Need a long time 
w>0.400 č Need a quite long time 
4. Case Study 
Based on the description of the Fuzzy comprehensive evaluation method, Table 2 show the results of the 
weighted value after applying the marked of four experts. Then we can determined the weighted value of each 
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significant factor based on it. After collecting and analyzing the feedback information, the results are shown as 
Table4.
Table 4. Weighted value of experts assessment 
Matrix of Fuzzy relation 
Influencing factor 
Weighted 
value U1 U2 U3 U4 U5 
Fire growth rate 0.25 0.00 0.13 0.32 0.33 0.22 
Horizontal distance from 
the detector to the 
centerline of fire 
0.25 0.00 0.09 0.34 0.36 0.21 
Occupant density 0.15 0.00 0.13 0.21 0.36 0.23 
Pre-movement time 0.125 0.00 0.15 0.40 0.30 0.15 
Coefficient of exit 0.1 0.00 0.16 0.24 0.42 0.18 
Active temperature of 
the detector 
0.1 0.37 0.56 0.05 0.02 0.00 
1 ( 0 .2 5 , 0 .2 5 , 0 .1 5 , 0 .1 2 5 , 0 .1, 0 .1)
0 .0 0 0 .1 3 0 .3 2 0 .3 3 0 .2 2
0 .0 0 0 .0 9 0 .3 4 0 .3 6 0 .2 1
0 .0 0 0 .1 3 0 .2 1 0 .3 6 0 .2 3
0 .0 0 0 .1 5 0 .4 0 0 .3 0 0 .1 5
0 .0 0 0 .1 6 0 .2 4 0 .4 2 0 .1 8
0 .3 7 0 .5 6 0 .0 5 0 .0 2 0 .0 0
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By the comprehensive evaluation, the trend of the percentage each value contributes over RSET is shown as 
below: 
 Condition                            Percentage of RSET 
Need little time                         3.8% 
Need short time                         17.2% 
Need appropriate time               28.6% 
Need a long time                       31.9% 
Need a quite long time              18.5% 
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Firstly, if we apply the method of the maximum weighted value to analysis the results, we can found that the 
percentage of need appropriate time result occupied the biggest fraction in the assessment.  
Secondly, we apply the weighted average method to analysis the results, the range of weighted value from V1 to 
V5 of five assessment criteria can be represented by a series number: 1,2,3,4, and 5etc. The above five numbers 
refer to the weighted value of 0.038, 0.172, 0.286,0.319 and 0.185 respectively. So the weighted average of the 
percentage each value contributes is: 
M=1*0.038+2*0.172+3*0.286+4*0.319+5*0.185=3.441 
It means that M approximately equal to 3. That is, the weighted average is Level3 and RSET can identify “Need 
appropriate time”. Therefore, we consider the value of safety factor as 1.5.  
5. Conclusion 
In a word, on the basis of the study on uncertainty safety factor, the paper mainly introduce the influence of the 
six significant factors on the required egress time and set up the determination method of Fuzzy comprehensive 
analysis based on the expert’s experience. Relative to the traditional conservation method, Fuzzy comprehensive 
analysis method could provide more scientific and reasonable value of safety factor to fire design and assessment. 
Again, this method is available for increasing the creditability of performance-based fire design.   
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